GABA and NMDA in the prevention of apoptotic-like cell death in vitro.
We have shown recently that cerebellar granule neurons die in the absence of depolarizing concentrations of KCl through an apoptosis-like process. To study the contributions of inhibitory (gamma-aminobutyric acid; GABA) and excitatory (glutamate) neurotransmitters in the prevention of apoptotic-like cell death in cultures grown in the presence of reduced concentrations of KCl (12.5 mM), we treated these cultures either acutely or chronically with GABA, bicuculline methiodide, a GABAA receptor antagonist, N-methyl-D-aspartate (NMDA) and/or the NMDA receptor antagonist, MK-801. Cell viability was measured with fluorescein diacetate/propidium iodide (FDA/PI) and trypan blue exclusion tests. In addition, DNA fragmentation was assessed quantitatively using an in situ terminal deoxynucleotidyl transferase assay. Our results demonstrate that treatment of cerebellar granule cell cultures maintained in 12.5 mM KCl with the glutamate receptor agonist NMDA and/or bicuculline protects against cell death and reduces DNA fragmentation. In contrast, GABA potentiated cerebellar granule cell apoptosis mediated by KCl deprivation. These data indicate that signal transduction pathways activated following NMDA receptor stimulation mimic the anti-apoptotic action of high potassium in primary cultures of cerebellar granule neurons. Also, our data support an inhibitory (hyperpolarizing) role for GABA in these cultures. Collectively, the results suggest that the neurotrophic actions of NMDA on granule cells maintained in low KCl and GABA on granule cells cultured in high KCl are due to the necessity for maintaining appropriate intraneuronal calcium concentrations.